We have extracted PSF-fitted stellar photometry from near-ultraviolet, optical and near-infrared images, obtained with the Hubble Space Telescope, of the nearby (D ≈ 5.5 Mpc) SBm galaxy NGC 1311. The ultraviolet and optical data reveal a population of hot main sequence stars with ages of 2-10 Myr. We also find populations of blue supergiants with ages between 10 and 40 Myr and red supergiants with ages between 10 and 100 Myr. Our near-infrared data shows evidence of star formation going back ∼1 Gyr, in agreement with previous work.
Introduction
The original formulation of the stellar population concept (Baade 1958 ) was driven by the realization that the ages and metallicities of Galactic stars were related to their kinematics. While Baade's identification of the young, metal-rich disk stars as Pop I, and the old, metal-poor halo stars as Pop II was a crucial starting point, observations in the last half century have identified both old and metal-rich stellar populations associated with the inner parts of spheroids (e.g., Terndrup et al. 1991; Idiart et al. 2007 ) and young and metal-poor stellar populations associated with low-luminosity star-forming galaxies (e.g., Mateo 1998; Weisz et al. 2008) and with the outer parts of luminous disks (e.g., Zaritsky et al. 1994; MacArthur et al. 2004; Kudritzki et al. 2008) . Understanding young, metal-poor stellar populations is an essential task in modern astrophysics, both because it allows us a fuller understanding of star formation and stellar evolution as a function of metallicity, and because it offers us potential insights into the nature of star formation in the early, low-metallicity Universe.
Our understanding of stellar populations has received an enormous boost from our ability to obtain arcsecond (or better) resolution images in the ultraviolet (UV) and near infrared (NIR). In the NIR, the last decade has shown the complimentary power of large ground-based surveys (Paturel et al. 2003; Skrutskie et al. 2006 ) and higher-resolution Hubble Space Telescope (HST) Near Infrared Camera and MultiObject Spectrograph (NICMOS) data. In the UV, we are now seeing the benefits of combining insights from the large, but moderate-resolution, GALEX (Martin et al. 2005 ) database with high-resolution imaging from HST (e.g., Overzier et al. 2008 ). Imaging at HST resolution provides the opportunity to study resolved stellar populations out to distances of ∼10 Mpc. Broad wavelength coverage (UV through NIR) allows us to investigate the full history of star formation in nearby galaxies.
-4 -NGC 1311 is a very nearby (D ≈ 5.5 Mpc), but little-studied late-type (SBm) galaxy. Tully et al. (2006) identify it as a member of the 14+14 Association, a loose group dominated by the luminous spiral NGC 1313. Table 1 summarizes the basic properties of the system. NGC 1311 was a target in two broad-band HST snapshot surveys (GO programs 9124 and 9824; Windhorst et al. 2002 , Taylor et al. 2005 , Taylor-Mager et al. 2007 , and §2 below). As a result, a set of broad-band images spanning a wide wavelength interval (0.3-1.6µm) at sub-arcsecond resolution now exists for this galaxy. As NGC 1311 is quite nearby, its bright star clusters and luminous individual stars are detected as discrete sources.
We can thus probe the spatially resolved star-formation history of NGC 1311 by studying the broad-band spectral energy distributions of its star clusters, its individual stars, and its unresolved light. Our results for the star clusters are presented in Eskridge et al. (2008) . This paper is concerned with the individual luminous stars. We shall address the unresolved light in a future publication.
In §2 we briefly summarize the HST observational data. We present the observed properties of the luminous stars in §3, and our analysis of these observations in §4. We summarize our conclusions, and discuss issues for further research in §5.
Observational Data
The data for this study are a set of UV, optical and NIR images obtained with the Wide-Field and Planetary Camera 2 (WFPC2) and NICMOS on board HST. We have WFPC2 images taken through the F300W, F606W and F814W filters, and a NICMOS image taken with the NIC3 camera through the F160W filter. A summary of the observations is given in Table 2 . The F300W image was obtained as part of the HST program GO-9124 "Mid-UV Snapshot Survey of Nearby Irregulars: Galaxy Structure and Evolution Benchmark" (R. Windhorst PI). For this program, the centers of the target -5 -galaxies were placed on the WF3 chip. Details of the observing and reduction procedures for these data are given in Windhorst et al. (2002) . The F160W image was obtained as part of the HST program GO-9824 "NIC3 SNAPs of Nearby Galaxies Imaged in the mid-UV: The Remarkable Cool Stellar Population in Late-Type Galaxies" (R. Windhorst PI). Details of the observing and reduction procedures for these data are given in Taylor et al. (2005) . 
Stellar Photometry
We used HSTPhot 6 (Dolphin 2000) to extract PSF-fitted stellar photometry from the WFPC2 images. HSTPhot is designed to perform stellar photometry on WFPC2 images, including aperture corrections, charge-transfer efficiency (CTE) corrections, and zero-point calibrations. The zero-points to the VEGAMAG system are thus updated from those of Holtzman et al. (1995) . For the NICMOS image, we first applied the non-linearity correction determined by de Jong (2006) . This refines the zero-point calibration from the 2004 June standard (Noll et al. 2004) . We then extracted stellar photometry using the version of DAOPHOT (Stetson 1987) embedded in the XVISTA image analysis package (Stover 1988) . For the NICMOS photometry, we had to determine the aperture correction manually by measuring the asymptotic count rates for two bright, isolated stars in the observed NIC3 image mosaic. The correction from a 2-pixel radius to infinite aperture is -6 -0.10±0.02 magnitudes. All of our photometry is calibrated to the VEGAMAG system. We detect a total of 4369 stars in at least two bands. Table 3 shows our photometry for the first ten objects in the sample. The full table is presented in the on-line edition of this paper.
Column 1 gives a running ID number (in order of increasing right ascension). Columns 2 and 3 give the J2000. 
Completeness Tests
We conducted a series of artificial star tests on our images to determine both the completeness and accuracy of our photometry. For the WFPC2 images, we used the artificial star capability of HSTPhot. For the NIC3 image, we used the version of DAOPHOT embedded in the XVISTA image analysis package. Figure 2 and Table 4 show our completeness fraction as a function of magnitude in all four bands. Our photometric accuracy is shown in Figure 3 . (UV 300 − V 606 ) than the BSGs (see Fig. 4b ). We use this to refine our classification of blue-plume stars as either BSGs (more luminous and redder than the diagonal line in Fig. 4b ) or MS stars (less luminous and bluer than this line). Third, the red-plume stars are red supergiants (RSGs). They are nearly all undetected in UV 300 , but show a clear vertical plume structure in Fig. 4d . In Fig. 4bcd , the BSGs are circled and the RSGs are crossed. We note that the tip of the red giant branch (RGB) of an old stellar population is at an absolute magnitude of M I ≈ −4.0, which corresponds to an apparent magnitude of m I ≈ 24.7 for NGC 1311. This is much fainter than the magnitudes of the red-plume stars in Fig. 4 .
We show a selection of color-color diagrams in Figure 5 , chosen to show both the BSGs and RSGs. In all cases, the BSGs are well isolated from the other detections, and the RSGs are mixed with red stars from neither plume. These are the faint red stars in Fig. 4d , and appear to be evolved stars from populations older than the bright RSG stars. As we have data in a somewhat unusual set of filters (even for HST observations!), it seems prudent to compare our data to stellar population models before attempting any more detailed interpretation.
Isochrone Matching
We compare our stellar photometry to isochrones derived from the models of Girardi et al. (2002) . In order to plot the isochrones with the photometry, we adopt the distance estimate for NGC 1311 of Tully et al. (2006) , who quote D = 5.45 ± 0.08 Mpc based on the magnitude of the tip of the red giant branch. There appear to be no metallicity measurements of NGC 1311 in the literature, although Kennicutt et al. (2008) 
report [N II]
/ Hα = 0.08, consistent with a moderately low metallicity. For the adopted distance, we find that the isochrones with Z = 0.004 provide the best fit to the stellar photometry. The more metal-poor isochrones have main sequences that are substantially bluer than observed in all available colors. The isochrones more metal-rich than Z = 0.008 do not predict stars luminous enough in the UV or blue enough in colors including F300W compared to the data. While crowding and/or binarity could artificially inflate the brightness of some fraction of our stars, our artificial star tests indicate that this is not a significant problem at the bright end of our photometry. We adopt a metallicity of Z = 0.004 below.
In Figures to match the isochrone models. We speculate that these stars may be dust enshrouded asymptotic giant branch (AGB) stars. There is also the possibility that a few objects are unresolved background Extremely Red Objects (e.g., Wilson et al. 2007 ).
Discussion
The isochrone matching reinforces the qualitative impressions from the CMDs and color-color plots. The blue-plume stars are a mix of hot MS stars with ages of 10 Myr and BSGs with ages from ∼10 up to ∼40 Myr. The red-plume stars are red supergiants with ages from ∼10 up to ∼100 Myr. The hot main sequence stars are generally well-matched by the same 10 Myr isochrone that describes the youngest of the BSGs. The distribution of 7 Our F606W and F814W images are deep enough to reveal only the tip of the old RGB that is clearly revealed in the ACS data discussed by Tully et al. (2006) . As we are concerned with the young stellar population, this is not a central issue for our study.
-10 -MS and BSG stars in Fig. 6abc , as well as the Hα emission reported by Kennicutt et al. (2008) , are evidence for star formation in the last ∼10 Myr, but at a rate much lower than 10 Myr ago. We thus see evidence for a burst of star formation about 10 Myr ago superposed on what had been lower-level, but ongoing star formation over (at least) the previous 100 Myr or so.
Blue and Red Plume Stars
The use of the ratio of blue to red supergiants (B/R ratio hereafter) as an astrophysical diagnostic of stellar populations was first suggested by van den Bergh (1968) . The B/R ratio turns out to depend on (at least) the metallicity and age of a stellar population. the blue and red supergiant plumes in the CMDs of nearby galaxies will, in general, be due to stars of a range of ages. As, even for a fixed metallicity, the B/R ratio is a function of age, some care is required to choose fair samples of stars to evaluate the B/R ratio. We have small samples to work with, so we choose to define three age-based samples, using the isochrones in Fig. 6a , with rough ages of 10 Myr, 18 Myr and 32 Myr. It is well known that models of RSGs do not produce stars as red as are observed (seeÚbeda et al. 2007 and references therein). Thus we include, as RSGs of a given age, those stars that lie to the red of the isochrone red loops at a given luminosity. In Table 6 we show the resulting age-based samples of BSGs and RSGs, and the B/R ratios for these samples. The quoted -11 -uncertainties in Table 6 are from Poisson statistics. At a given age, we have somewhat smaller B/R ratios than Dohm-Palmer & Skillman (2002) found for Sextans A. This is consistent with a higher metallicity for NGC 1311 than for Sextans A. The Sextans A metallicity, from both H II region spectroscopy (Skillman et al. 1989 ) and CMD fitting (Dohm-Palmer & Skillman 2002) , is Z ≈ 0.001, compared to our adopted metallicity for NGC 1311 of Z = 0.004. This conclusion is reinforced by the [N II] / Hα ratios of the two galaxies reported by Kennicutt et al. (2008) .
Distribution of Recent Star Formation
In addition to the BSG and RSG samples selected above, we define a sample of hot main sequence (MS) stars by taking all stars fainter than UV 300 = 20.7 mag, and blueward of a line extending from (−2.6, 20.7) to (0, 22.8) in Fig. 4b . We show the distribution of all three samples (MS, BSG, RSG) on the F300W WF3+WF4 image in Figure 8 . We note that there are a handful of sources that are not assigned to any of the three groups. The brightest of these are the star clusters discussed in Eskridge et al. (2008) . The fainter sources are only detected in UV 300 . These are likely to be MS stars, but as we do not have colors for them, we do not classify them as such. There are two regions with strong concentrations of MS and BSG stars. The boxes in Fig. 1a enclose these two regions. In Figure 9 , we show CMDs of the stars in the boxes and in the rest of the galaxy. Nearly half the recent star formation in NGC 1311 has occured in these two small regions, with the remainder broadly distributed throughout the system. The total area of the two regions is about 0.15 kpc 2 for our adopted distance, or about 2% of the surface area of NGC 1311.
These regions are also the locations of the strong Hα emission shown in Meurer et al.
.
The regions of enhanced recent star formation are about 10 ′′ across. This corresponds -12 -to roughly 200 pc for our adopted distance. Velocity-dispersion measurements in late-type galaxies, for either stars or gas, are sparse but have characteristic values of about 10 to 20 km s −1 (e.g., Hunter et al. 2001; 2005) . If we assume that the velocity dispersion of the stars in the concentrations is similar to this, the stars will travel roughly 100 to 200 pc in 10 Myr. Thus the sizes of the concentrations of young stars are consistent with the ages implied by the CMDs. We can also compare these regions to Galactic OB associations. OB associations are unbound groups of young stars that appear to be dispersing with internal velocity disperions of ≈5 km s −1 (e.g., Blaauw 1964; Hills 1980; Bobylev & Bajkova 2007 ).
This gives a slightly longer lifetime, but one that is still in range of 10s of Myr.
Star Formation History
The distribution of star cluster ages in NGC 1311 is consistent with a bursting mode of cluster formation, with active episodes of age ∼10 Myr, ∼100 Myr and 1 Gyr (Eskridge et al. 2008) . The resolved stars tell us a complimentary, but different story: they do not show any compelling evidence for substantial periods of quiescence in the last ∼100
Myr. Our CMDs show a clear population of stars with ages ∼10 Myr. These are the MS and BSG stars seen in all panels of Fig. 6 . There is evidence of low-level on-going star formation over the last 10 Myr (see Fig. 6b ). The distribution of BSGs and RSGs in the CMDs tell us that there was on-going star formation in NGC 1311 from ∼10 Myr ago back to at least ∼100 Myr ago. Although we are mainly concerned with the young stellar populations, we note that Fig. 6d and the work of Tully et al. (2006) argue that star formation occured in a more or less steady fashion back to ages of at least ∼1 Gyr.
We can make a somewhat more quantitative assessment of the recent star formation history from the luminosity function (LF) of the core Helium burning stars, as was first pointed out by Dohm-Palmer et al. (1997) . In Figure 10 , we show the BSG differential -13 -LFs of the BSG and RSG stars, with age points from the models of Marigo et al. (2008) .
To convert the LFs into a star formation history we need to specify an initial mass function (IMF) and a stellar evolution model. We use the Salpeter IMF Salpeter (1955) and the Padua stellar evolution models (Marigo et al. 2008) , and apply them following the precepts of Dohm-Palmer et al. (1997) . Figure 11 shows the resulting star formation history in the age range 10-40 Myr from the BSGs. The error bars in Fig. 11 represent statistical uncertainties from the star-counts only. There are additional systematic uncertainties due to the adopted IMF and stellar evolution model. These will affect the absolute normalization of the star formation history, but should not substantially affect either its shape or its We can extend the star formation history back to ∼100 Myr by taking advantage of the RSGs. We caution the reader that theoretical modelling of the evolution of RSGs is on a less firm footing than that of BSGs (Lançon et al. 2007 ). Our resulting star formation history will therefore be subject to additional systematic uncertainty for ages larger than 40 Myr.
However, we procede, again using a Salpeter IMF and the Padua models. The resulting star formation history is shown in logarithmic form in Figure 12 . Over the last ∼100 Myr, the star formation rate in NGC 1311 appears to have been gradually increasing, peaking with the enhancement ∼10 Myr ago. We see no evidence for any gap in star formation over the last ∼100 Myr. These data are more consistent with a star formation history described as gasping or breathing (e.g., Marconi et al. 1995; Skillman 2005; Stinson et al. 2007 ) than bursting.
In Eskridge et al. (2008) we identified a small population of star clusters in NGC 1311. Eight of these clusters have sufficient multiwavelength photometry to use for age estimation. These ages break into three groups. Two clusters have ages of 10 Myr. These clusters would appear to be associated with the enhanced episode of star formation ∼10
Myr ago that is revealed by the BSGs (see Fig. 11 ). We note that the total mass in stars formed in the 10 Myr enhancement is about an order of magnitude larger than the mass estimated by Eskridge et al. (2008) for the two young clusters,
There are no clusters with ages in the interval from 10 to 50 Myr. The BSGs show that there was low-level on-going star formation throughout this interval, but no bound clusters survive from it. As we note in §4.2, the BSGs are concentrated in two regions with properties similar to Galactic OB associations. That is, the stars in that age range are spatially clumped, but they do not inhabit gravitationally bound clusters. Tully et al. (2006) . However, we note that the total mass in intermediate-age
clusters (Eskridge et al. 2008 ) is roughly equal to the total mass in intermediate-age field stars based on the RSG LF. Thus the star formation of ∼100 Myr ago was efficient at producing clusters dense enough to remain bound over ∼100 Myr timescales, whereas the 10 Myr enhancement appears to have produced mainly unbound stellar associations.
The Luminosity-Metallicity Relation
Fits to isochrones indicate a metallicity of Z ≈ 0.004 ([Z/H] ≈ −0.7), consistent with [N II]/Hα = 0.08 . Given its absolute magnitude (see Table   1 ), this places NGC 1311 in the midst of the magnitude-metallicity relation for late-type dwarf galaxies (e.g., Mateo 1998). We show this in Figure 13 , where we plot B-band absolute magnitudes and nebular oxygen abudances for star forming dwarf galaxies from a number of recent studies (Skillman et al. 2003; Lee et al. 2003a; 2003b; 2005; 2006;  from Anders & Grevesse (1989) , this gives us an estimate of 12 + log(O/H) ≈ 8.25 for NGC 1311. This is shown in Fig. 10 as a large diamond. As noted in §4.1, our metallicity estimate is also consistent with the observed B/R ratios for supergiants as sorted by age.
-16 -
Summary and Conclusions
NGC 1311 is a nearby (D ≈ 5.5 Mpc) late-type (SBm) galaxy. We have analysed stellar photometry from HST images of this galaxy covering a wavelength range from 0.3-1.6µm. We detect hot MS stars in the UV and optical images, providing strong evidence for star formation as recently as ∼2 Myr ago. We also detect BSG and RSG stars that provide evidence of ongoing star formation over the last ∼100 Myr. Our NIR data reveal populations of stars as old as 1 Gyr, in agreement with the work of Tully et al. (2006) . The field stars of NGC 1311 show a less burst-like age distribution than do the star clusters in NGC 1311 (Eskridge et al. 2008) . About half of the recent star formation, as traced by the MS and BSG stars, is confined to two regions about 200 pc across in the bright central part of the system. Assuming a velocity dispersion for the stars that is typical of Galactic OB associations, the crossing time is on the order of the age of 10 Myr determined from the CMDs. The metallicity of Z ≈ 0.004 that follows from the isochrone fits and the B/R ratio places NGC 1311 in the midst of the metallicity-luminosity relation for low-luminosity late-type galaxies.
Our results for NGC 1311 are consistent with those found for the general population of late-type, low-luminosity galaxies (e.g., Marconi et al. 1995; Mateo 1998; Hunter et al. 2001; Young et al. 2003; Bernard et al. 2007; Stinson et al. 2007; Saviane et al. 2008; Sharina et al. 2008; Weisz et al. 2008) . The arising consensus is that such galaxies form stars over their entire histories. The rate of star formation may change with time, but only rarely does it cease entirely. The long-term star forming histories of low-luminosity galaxies are best studied with deep long-wavelength optical (RI) or NIR (JHK) images. Our UV and optical data allow us to explore the star forming history of NGC 1311 over the last ∼100 Myr.
Our next step is a study of the unresolved light of NGC 1311 with our combined -17 -WFPC2/NICMOS HST data. As we have observations in four wavelengths from 3000Å to 1.6µm, we will sample stellar populations from ages of ∼10 Myr to 10 Gyr. Nearby star-forming galaxies are known to have unresolved UV light (e.g., Chandar et al. 2005) at HST resolution. The stellar photometry we present in this paper provides information on individual MS stars as late as early B-type stars. Late B-type and A-type stars will contribute significant diffuse UV light that traces the distribution of stars of ∼100 Myr ages. The ancient stellar populations, dominating the NIR light, appear ubiquitous even in very late-type galaxies (e.g., Baade 1958; Taylor et al. 2005) . The combination of our cluster and stellar photometry with an analysis of the unresolved light should give us a clearer picture of the star formation history in this system, and a fuller understanding of the process of star formation in low-luminosity late-type galaxies in general. Table 5 . (2003) . The large diamond shows our estimate for NGC 1311.
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